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ABSTRACT

Observations and a high-resolution (grid size of 50 m) 3D model are used for studies of the flow-topography interactions near coral reefs off the coast of Belize. Model results show that reefs
with a unique shape of large horizontal curvatures and steep concave vertical slopes amplify current speeds and create internal wave-induced mixing and dispersion, providing a possible
explanation why many species of Caribbean fish aggregate to spawn at these particular reefs. A case study of unusual observations of strong currents (over 1 m/s) and large water level
changes (~0.7 m difference between two locations only 2 km apart) during a short-lived storm is simulated. The near-reef flow dynamics involve large-scale remote forcing from Caribbean
eddies and tides, as well as small-scale local non-linear flow-topography interactions. The study has implications for submesoscale dynamics and the influence of external forcing on the
biology and survival of coral reef communities.

Introduction
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* The Mesoamerican Barrier Reef System in the western Caribbean Sea (Fig. 1a) o g Be"zec"y,{ o o) A %, (c) (d)
provides spawning aggregation (Fig. 1d) sites for many species of Caribbean fishes. sy L;g:;p;;*;,?, 3 s4

Those spawning aggregation reefs have similar unique geomorphology with large b : /’%g,@ :

horizontal curvatures (Fig. 1b) and convex steep slopes. A ,o@i o Lo

* Flow-topography interactions involve a large range of spatial scales, from meso-scale 5 e "QRP‘Q’ }1-

Caribbean eddies and gyres of hundreds of kilometers to reef scale of a few kilometers, Rect ol T B
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down to scales of meters, where intense mixing there help disperse larvae and eggs.
* Modeling approaches thus must include high resolution numerical models,
observations and biological physical interactions.

* Potential forcing of the flow near the reef is not well understood and can include:

>meso-scale eddies (Ezer et al., 2005) >wind >tides >internal waves (Ezer et al. 2011). F|g 1. Study area and |
observation locations (in c) -
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Observations of Internal Waves and Unusual Water Level
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Numerical Model Simulations of Enhanced Mixing

* Model: The generalized coordinate version of the 3D Princeton Ocean Model (POM).
* Domain and Grid: 5km x 5km domain; 50m x 50m horizontal grid size; 21 vertical sigma layers.
* Topography: idealized “reef-like” (Fig. 2) bathymetry in the west and 3 open boundary elsewhere.

* Forcing: tides; winds; transport representing coastal current and eddy influence. Qscat Wind, day=20091017 Absolute Dynarnic Topography (cm)
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* Experiments: 19 l L '
-Sensitivity of flow to forcing and generation of internal waves (Ezer et al., 2011) - N B
- Simulations of a storm case in October 2009 (Ezer et al., 2012) 18 T B o CIE
N ARAVRR NIV U L O T IR S . ccan R
(a) (b) NI Wy Seeen :
Model Reef Topography Surface EKE 3 S L L LA S . R3(30m) _____ 16 16N £
ﬂﬂ* - | . | e | o . R1:(10m) - -89 -88 -87 -8 -85 —
i | i i | | i . R4;(50m) ; Qscat Wind, day=20091020
T TRA“I:’F ORT A Spawning 20 10 15 20 25 30 05 10 15 20 Sca, " 7 ,a,fy : 20N .
: Aggregation Day 19! SRRV . !
Area . . . )
Fig. 3. Observed temperatures (see location in o L, o -
Fig. 1c) indicate internal waves (Ezer et al. 2011) ™| s -
: : : : . ll i (b) Sea Level Jun15-Nov30 2009 17 15 5 17N I
“observations” | § ’ : ' ' » | ! ! ! | ! ! S ? N : .
. N - e S -‘N-“ """" IR SRR R i ol P e R Y B
o : : : : S A0 b et o0 | I T TS S - : : 0 1oN : -
R1-R4 5 5 ' | ‘ | " M -89 -88 -87 -86 -85
: : - : : ‘ 20 bt sl ® e il e : -
: . | . . i M w i f Mﬂ dul Qscat Wind, day=20091023
: ' i I ' T oo ”NWW “ mﬁw‘l w M“MMWMW """"" m‘m hwlmmg'ﬂ’ ;i.-:l-ﬁi]-&- ".I'll‘l ||J£.|L|"|r'l'l"n 4 .lJ S | (c) 14-O0CT-2009
. E E | o T 'u Wl JII' m 0 R T 3 o . o
' 200 I'Mnr il ’N i Pl 'lr" e ’“%'l"‘i'r'“f;“11""'. """ b
BT BN LRS! St IO L i t.' ________ ) PR :, ________ T ll s i
S S NS U S S U B
8
Morthin 2[]{}9
(c) Sea Level Oct15-0ct25 2009
500 1000 1500 2000 2500 3000 3500 4000 4500 5000 500 : : S : : :
X (m) 500 1000 1500 2000 2500 3000 5 ; N .

Fig.2 (a) The model topography (color; depth in m) (C) Mean Temperature (color) and SD (contour) P — L ; Longitude
and forcing. (b) Surface Eddy Kinetic Energy (m?/s?) LV s ] Figs. In mid October  2009A an  unusual
when model forcing includes only 0.1 m/s flow from m _______________ __________ ________ _________ ______________ | combination of a short-lived local storm (see
the north. (c) Mean temperature (color) and 105 10.55 106 10.65 107 075 s QuickScat winds in left panels), and a cyclonic

Month in 2009

Caribbean eddy that propagated westward toward
Fig.4. During a few days in October 2009, very the shore (see Altimeter SSH in right panels)
unusual water levels were observed, a difference resulted in very strong (over 1 m/s) southward
of ~70 cm elevation over ~2 km distance can only coastal flow near the reef. In addition, this period
be explained by non-linear small-scale flow- coincides with a transition from a spring to neap
topography interactions and unusual strong flows.  tide (Fig. 4).

standard deviation (contour) across Y=2500m.

Note that the highest variability (and mixing) is near
the aggregation area (oval in b), while the larvae
settlement area downstream (red box) is less
energetic. Mixing is induced by bottom slope-
internal wave interactions at the thermocline (c). 100
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Simulations of Storm-Induced Flows
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Fig.6. The October 2009 storm was simulated using Fig.7. Simulated surface currents with wind (left)
idealized wind (A) and southward boundary flow on  and without wind (right) show the intensification
the model north boundary. Velocity (B &C) and water of the flow at the tip of the reef (where fish
level (D) were simulated quite well. The variations in = spawning aggregations occur). The influence of
water level are attributed more to variations in the the wind is most pronounced in the recirculation
coastal current and tides and less to the direct wind = gyre downstream of the reef; this gyre may be

effect (wind is not realistic in the model). important for local retention of eggs and larvae.

Conclusions

1. The unique shape of reefs that different species of Caribbean fish choose as
spawning aggregation sites suggest survival advantages associated with small-
scale flow-topography interactions.

ldealized high-resolution numerical model and observations show intense
mixing at the tip of the reef due to internal waves interacting with steep slopes;
this mixing may help spread the eggs and larvae and reduce predation.

3. Recirculation gyres in the lee side of the reef may help local retention of the
eggs and larvae in a more protected area of the reef.

4. Simulations of an unusual storm case show non-linear dynamics that are
different than classical storm surges, whereas along-shore coastal currents are
amplified over small distances of hundreds of meters to a few kilometers.

5. Multi-disciplinary/multi-scale modeling approaches are thus needed.
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